Context. The edge-on starburst galaxy M 82 exhibits complicated distributions of gaseous materials in its halo, which include ionized superwinds driven by nuclear starbursts, neutral materials entrained by the superwinds, and large-scale neutral streamers probably caused by a past tidal interaction with M 81. Aims. We investigate detailed distributions of dust grains and polycyclic aromatic hydrocarbons (PAHs) around M 82 to understand their interplay with the gaseous components. Methods. We performed mid-(MIR) and far-infrared (FIR) observations of M 82 with the Infrared Camera and Far-Infrared Surveyor on board AKARI. Results. We obtain new MIR and FIR images of M 82, which reveal both faint extended emission in the halo and very bright emission in the center with signal dynamic ranges as large as five and three orders of magnitude for the MIR and FIR, respectively. We detect MIR and FIR emission in the regions far away from the disk of the galaxy, reflecting the presence of dust and PAHs in the halo of M 82. Conclusions. We find that the dust and PAHs are contained in both ionized and neutral gas components, implying that they have been expelled into the halo of M 82 by both starbursts and galaxy interaction. In particular, we obtain a tight correlation between the PAH and Hα emission, which provides evidence that the PAHs are well mixed in the ionized superwind gas and outflowing from the disk.
Introduction
M 82 is a nearby starburst galaxy in a group of galaxies, where an appreciable amount of material can be pushed out of a galaxy into the intergalactic medium by both internal (e.g. starburst activities) and external forces (e.g. tidal interactions between member galaxies). In fact, M 82 shows prominent galactic superwinds in Hα (e.g. Bland & Tully 1988; Devine & Bally 1999) and X-rays (e.g. Bregman et al. 1995; Strickland et al. 1997 ) accelerated out of the galactic plane, which are attributed to violent nuclear starbursts. The X-ray emission spatially correlates well with the Hα emission (Watson et al. 1984; Strickland et al. 2004) . The ionized galactic superwinds seem to entrain various phases of neutral gas (e.g. CO: Walter et al. 2002; H 2 : Veilleux et al. 2009 ) and dust (Alton et al. 1999; Ohyama et al. 2002; Hoopes et al. 2005; Leeuw & Robson 2009 ). In addition, M 82 shows large-scale molecular and atomic streamers anchoring around the edges of the galactic disk (Walter et al. 2002; Yun et al. 1993) . The large-scale streamers extend mostly in parallel to the galactic plane and thus in entirely different directions from the superwinds. In particular, neutral hydrogen gas is largely extended around the intergalactic space of the M 81-M 82 group, including the halo regions of M 82 (Yun et al. 1994) . The presence of dust residing between the group members is also revealed through systematic reddening of photometric color of background galaxies viewed through the intergalactic medium (Xilouris et al. 2006) . The streamers are likely caused by the close encounter with M 81 that M 82 experienced about 100 Myr ago (Yun et al. 1993) . Then the hydrogen gas and dust in the intergalactic medium can be regarded as leftover from the interaction with M 81.
As a result of its proximity (∼3.5 Mpc) and nearly edgeon orientation with an inclination angle of about 80
• , M 82 is a valuable target for the study of extraplanar dust grains and their properties in its superwinds and galactic halos. To answer questions about how far, how much, and what kind of dust grains are carried out of the galaxy is of great importance for the understanding of material circulation and evolution in the galactic halo. The enrichment of the intergalactic medium with dust could affect observations of high-redshift objects (e.g. Heisler & Ostriker 1988; Davies et al. 1998 ). The dust expulsion from a galaxy would also play an important role in galactic chemical evolution acting as a sink for heavy elements (e.g. Eales & Edmunds 1996) .
Nevertheless, information on the dust components in the halo of M 82 is relatively scarce in contrast to abundant information on the gaseous components. The dust in the halo was observed in reflection in the UV (Hoopes et al. 2005 ) and optical (Ohyama et al. 2002) , extinction (Heckman et al. 2000) , and submillimeter dust continuum emission (Leeuw & Robson 2009 ). However, these are rather indirect or inefficient ways to detect largely-extended dust. High-sensitivity FIR observations from space are undoubtedly most effective to study the properties of faint extended emission from extraplanar dust, since dust emission typically peaks in the FIR and low photon backgrounds in space enable us to detect faint diffuse emission. However one serious problem is that the central starburst core is dazzlingly bright for space observations in the MIR and FIR, due to tremendous star-forming activity in the central region of M 82 (Telesco & Harper 1980) ; M 82 is the brightest galaxy in the MIR and FIR after the Magellanic Clouds on the sky (Colbert et al. 1999) . Then, instrumental effects caused by saturation in observing very bright sources severely hamper reliable detection of low-level FIR emission outside the disk. The flux density of the central region of M 82 increases very rapidly towards wavelengths shorter than 300 µm; there is about twoorders-of-magnitude difference between FIR and submillimeter fluxes (Thuma et al. 2000) , making FIR detection of the extraplanar dust in M 82 extremely difficult.
The situation in the MIR is similar for the very bright core, however, spatial resolution is much better in the MIR than in the FIR; the AKARI telescope of 700 mm in diameter has diffraction-limited imaging performance at a wavelength of 7 µm (Kaneda et al. 2007 ). In addition to MIR dust continuum emission, star-forming galaxies show a series of strong MIR spectral features emitted by polycyclic aromatic hydrocarbons (PAHs) or PAH clusters (e.g. Smith et al. 2007) , which can be regarded as the smallest forms of carbonaceous dust particles. The PAH emission features are unexceptionally bright in the central regions of M 82 (Sturm et al. 2000; Förster Schreiber et al. 2003b) . With the Spitzer/IRAC and IRS, Engelbracht et al. (2006) and Beirão et al. (2008) showed that the PAH emission is largely extended throughout the halo up to 6 kpc from the galactic plane. Their origins, again, can be either outflows entrained by the superwind or leftover clouds from the past interaction with M 81. Engelbracht et al. (2006) favored the latter origin because significant emission is detected outside the superwinds, and thus some process to expel PAHs from all parts of the disk is needed prior to the starburst.
Far beyond the disk of the galaxy, extended emission named 'Cap' in the Hα and X-ray was discovered at ∼ 11 kpc to the north of the center of M 82 (Devine & Bally 1999; Lehnert et al. 1999) . The cap seen in the Hα and X-ray may be the result of a collision between the hot superwind and a preexisting neutral cloud (Lehnert et al. 1999) . Hoopes et al. (2005) detected UV emission in the Cap suggesting that the emission is likely to be stellar UV light scattered by dust in the Cap. Tsuru et al. (2007) determined metal abundances of the X-ray plasma in the Cap region, which support the idea that the origin of the metal in the Cap is type-II supernova explosions that occurred in the central region of M 82. Hence the halo regions of M 82 are highly complicated; neither relationships among different phases of the outflowing material nor those between the superwinds and preexisting clouds is well understood.
In this paper, we report MIR and FIR imaging observations of M 82 performed with the Infrared Camera (IRC; ) and the Far-Infrared Surveyor (FIS; Kawada et al. 2007) , respectively, on board AKARI (Murakami et al. 2007) . Thoughout this paper, we assume a distance of 3.53 Mpc for M 82 (Karachentsev et al. 2002) . Our IRC data consist of 4 narrow-band images (S 7, S 11, L15, and L24) at reference wavelengths of 7 µm (effective band width: 1.75 µm), 11 µm (4.12 µm), 15 µm (5.98 µm), and 24 µm (5.34 µm), the allocation of which is ideal to discriminate between the PAH emission features (S 7, S 11) and the MIR dust continuum emission (L15, L24). The FIS has 4 photometric bands; 2 wide bands (WIDE-S and WIDE-L) at central wavelengths of 90 µm (effective band width: 37.9 µm) and 140 µm (52.4 µm) and 2 narrow bands (N60 and N160) at 65 µm (21.7 µm) and 160 µm (34.1 µm). The wide bands provide high sensitivities, while the 2 narrow bands combined with the 2 wide bands are useful to accurately determine the temperatures of the FIR dust. Besides the fine allocation of the photometric bands, the special fast reset mode of the FIS as well as the combination of short and long exposure data of the IRC provide high signal saturation levels; we can safely observe very bright sources without serious saturation effects. Hence, the uniqueness of the IRC and FIS as compared to any other previous or currently existing instruments is a combination of their high saturation limits and high sensitivities (i.e. large dynamic range) with relatively high spatial resolution, which is essential to detect faint PAH and dust emission extending to the halo of an edge-on galaxy that is very bright in the center.
Observations and data analyses
We observed M 82 with AKARI seven times from April 2006 to April 2007. The observation log is listed in Table 1 . The two observations of the IDs starting with '50' were performed during the AKARI performance verification phase. The observations with IDs starting with '51' were performed during AKARI Director's Time. The others were carried out in part of the AKARI mission program "ISM in our Galaxy and Nearby galaxies" (ISMGN; Kaneda et al. 2009a ). In the two IRC observations with IDs starting with '51', we observed the Cap region, while the others were targeted at the galaxy body.
With the IRC, we obtained the S 7, S 11, L15, and L24 band images of M 82 using a standard staring observation mode, where each field-of-view has a size of about 10 ′ × 10 ′ . We also obtained the near-IR (NIR) N3 (reference wavelength of 3.2 µm) and N4 (4.1 µm) images simultaneously with the S 7 and S 11 images, but in this paper, we do not discuss the NIR images because there are no new findings different from the Spitzer/IRAC NIR images presented in Engelbracht et al. (2006) . The MIR images were created by using the IRC imaging pipeline software version 20071017 (see IRC DATA User Manual; Lorente et al. 2007 for details). The background levels were estimated by averaging values from multiple apertures placed around the galaxy, while avoiding overlap with faint extended emission from the galaxy as much as possible, and were subtracted from the images.
The FIS observations were performed in the special fast reset mode called CDS (Correlated Double Sampling) mode in order to avoid signal saturation near the nuclear region of the galaxy. Fluxes were later cross-calibrated with the other ordinary integration modes by using the internal calibration lamp of the FIS. The FIR observations were performed three times with slightly shifted positions (table 1). A 10 ′ × 30 ′ region was covered with every observation using a standard 2-round-trip slow scan mode. As a result, we covered an area of about 15 ′ × 15 ′ for N60 and WIDE-S and 20 ′ × 20 ′ for WIDE-L and N160 around M 82. The FIR images were processed from the FIS Time Series Data (TSD) using the AKARI official pipeline being developed by the AKARI data reduction team (Verdugo et al. 2007 ). The background levels were estimated from data taken near the beginning and the end of the slow scan observations and subtracted from the images.
To minimize detector artifacts due to the high surface brightness of the central starburst, we applied custom reduction procedures in addition to the above normal procedures. For the IRC, we combined the long exposure image with the short exposure image; the former has 28 times longer exposure than the latter, both obtained in one pointed observations. We replaced pixels significantly affected by the high surface brightness (i.e. saturated or even deviated from linearity) in the long exposure image by those unaffected in the short exposure image. In addition, very low-level ghost signals of the peak appeared at about 1 ′ and 2 ′ to the southwest direction of the center of M 82 for the S 7 and S 11 bands. We removed the ghosts by subtracting scaled images of the central 3 ′ × 3 ′ area at the ghost positions for each band. For the FIS, low-level ghost signals appeared at about 5 ′ to the north or south direction of the center, depending on whether the observation was performed in April or October. The reason for the ghost is electrical cross talk in the multiplexer of the cryogenic readout electronics (Kawada et al. 2007) ; the narrow band produces a ghost signal just at the timing when the wide band detects a strong signal, and vice versa. We removed the ghost signals by masking the TSD where the ghosts are predicted to appear before creating the images. We also removed residual artifacts due to cosmic-ray hits by masking the affected TSD. The lost data were replaced by utilizing data redundancy gained from the three observations. Note that we did not apply any high-pass filtering because the high-pass filtering not only removes streaking due to residual slow response variations of the detector but also filters out faint emission extended around the galaxy. Instead, only for N160 where the streaking was relatively strong and larger blank areas were obtained, the residual variations were corrected by using blank sky for flat-fielding in both upstream and downstream regions of the slow scan.
Results

MIR images
The MIR 4-band contour images of the central 8 ′ × 8 ′ area of M 82 obtained with the IRC are shown in Fig.1 , where the bin size for all the maps is set to be 2.
′′ 3. The FWHM of the point spread function (PSF) is about 5 ′′ for each band ). These maps exhibit distributions of surface brightness over a range as large as 4 orders of magnitude, demonstrating the large dynamic range of the IRC. The peak surface brightness is 5130, 4341, 18344, and 31842 MJy sr −1 for S 7, S 11, L15, and L24, respectively. The 1-sigma background fluctuation levels are approximately 0.09, 0.06, 0.1, and 0.9 MJy sr −1 , which correspond to 3 − 14 % of the lowest contour levels in the MIR maps.
Based on the Spitzer/IRS spectroscopy of the central region of M 82 (Beirão et al. 2008) , the S 7 and S 11 band images are most likely dominated by the PAH emission features, while the L15 and L24 images are dominated by hot dust continuum emission by very small grains (VSGs). On the basis of the observed spectrum combined with the IRC system response curve ), we estimate that PAH emission contributes approximately 85 % and 45 % of the band intensities of S 7 and S 11, respectively near the central region, and even higher in the halo because hot continuum emission is much less likely in regions far from the central starburst. This is supported by the fact that the L24 band image shows the most compact distribution, while the L15 band image shows less extended structures but may contain a small contribution from the PAH 17 µm broad emission feature (Werner et al. 2004; Kaneda et al. 2008b) .
The bright emission in the central part extends more or less along the east-west direction for each map, corresponding to the major axis of the M 82 optical disk. The very central region exhibits a double peak structure, where the stronger peak does not coincide with the optical center of M 82, slightly shifting to the west. A similar double-lobed distribution of the inner disk was also observed in CO emission (Shen & Lo 1995) and submillimeter dust continuum emission (Leeuw & Robson 2009 ). At larger scales, all the maps show extended emission structure in the northwest and southeast directions, although the L24 map apparently suffers from the diffraction spike pattern of the telescope truss.
There is a striking similarity between the S 7 and S 11 band images; there are two filamentary structures in the northern halo and one in the southern halo. The similarity is well consistent with dominance of the PAH emission in both bands. The northern two filaments are of similar brightness in the S 7 and S 11 images, while only the western structure is clearly seen in the L15 and L24 band images. This implies a difference in spatial distribution between the PAHs and VSG emission in the two extended structures, presumably a difference not in material distribution but in radiation field intensity (see section 4.1). The southern filament is seen also in the L15 image, but not clearly in the L24 image due to the diffraction pattern. The central 2.
′ 5 maps of the 850 µm continuum emission (Leeuw & Robson 2009 ) and integrated CO(2−1) line intensity (Thuma et al. 2000) exhibit only the southern extended structure.
FIR images
The FIR 4-band contour images of the central 40 ′ × 40 ′ area of M 82 obtained with the FIS are shown in Fig.2 , where the bin size for all the maps is set to be 15
′′ . The FWHM of the PSF is 37 ′′ − 39 ′′ for N60 and WIDE-S and 58 ′′ − 61 ′′ for WIDE-L and N160 (Kawada et al. 2007 ). The grey-scale image from the same data is also shown in order to reveal spatial coverage for each band. Note that the observed area is slightly different from band to band; N160 covers the northernmost and westernmost area, while WIDE-L covers the largest area among the bands. The peak surface brightness is 9881, 7569, 5974, and 4195 MJy sr −1 for N60, WIDE-S , WIDE-L, and N160, respectively. The 1-sigma background fluctuation levels are 2.0, 0.5, 1.0, and 1.5 MJy sr −1 for N60, WIDE-S , WIDE-L, and N160, respectively. They correspond to 7 − 18 % levels of the lowest contours that are as low as 0.1 − 0.2 % levels of the peak brightness. The elongation in the east-west direction seen in the N60 and WIDE-S images is a result of optical cross talk among the pixels of the monolithic arrays used for these bands (Kawada et al. 2007) . Telescope diffraction patterns similar to that in the L24 image ( Fig.1d ) are also visible in the N60 and WIDE-S images. The elongation along the scan direction seen in the WIDE-L image is probably due to the slow transient response of the detector used for this band. Other than these, we believe there are no additional substantial artifacts in the FIR images. Note that the spatial scale in Fig.2 is much larger than that in Fig.1 ; the MIR image size in Fig.1 is indicated by the dashed square in Fig.2d . Alton et al. (1999) stressed that the central FIR emission should be very compact juding from the compactness of the submillimeter emission, which is consistent with our results. It should be noted that the intensity scales in Fig.2 are stretched in order to emphasize the low surface brightness emission in the halo.
The emission component extending to the northwest direction from the center can be recognized in the WIDE-S , WIDE-L, and N160 images, and is the most prominent in the N160 band because the extended emission is cooler than the central emission. In addition, there are two emission regions away from the galaxy body clearly seen in both WIDE-S and WIDE-L images, one located at 12 ′ to the west and the other at 8 ′ to the southeast from the center. There are no counterparts found bands at the reference wavelengths of 7, 11, 15, and 24 µm, respectively. The contours are drawn at 95 % and logarithmically-spaced 13 levels from 80 % to 0.02 % of the peak surface brightness, 5130, 4341, 18344, and 31842 MJy/str for S 7, S 11, L15, and L24, respectively.
in the SIMBAD database. For the southeast emission region that is located inside the borders of the observed area in both bands, the ratio of the WIDE-S to the WIDE-L brightness corresponds to a color temperature of 23 K, which is significantly higher than typical temperatures of 16 − 18 K for the Galactic cirrus (Sodroski et al. 1994 ) and thus unlikely of Galactic foreground origin. As shown later, these emission structures seem to be spatially correlated with the neutral gas streamers. There is another emission region seen only in the N60 band, at about 8 ′ to the northwest from the center, which is located approximately on the line extending toward the direction of the above elongated structure seen in the WIDE-S , WIDE-L, and N160 images. The good spatial alignment might indicate that the source is associated with the elongated structure. The contribu-tion of gas emission lines such as the [O i] 63 µm line could be very important because this line can dominate the flux of the IRAS 60 µm band, similar to the N60 band, in shocked regions (Burton et al. 1990 ). However the previous mapping of M 82 by shock tracers such as SiO (García-Burillo et al. 2001) , [FeII] 1.644 µm (Alonso- Herrero et al. 2003) , and molecular hydrogen (Veilleux et al. 2009 ) does not cover the above bright region that is located too far (∼ 8 ′ ) from the nucleus.
Cap region
With the IRC, we performed dedicated observations of the halo region including the X-ray Cap located at ∼ 11 ′ to the north from the center of M 82. Figures 3a−d show the obtained images, where we combine the two 10 ′ × 10 ′ fields-of-view of the IRC, one centered at the galaxy body and the other at the Cap region. The color scales are stretched to very low surface brightness levels to bring out faint diffuse emission in the halo, and therefore the disk of the galaxy that is presented in Fig.1 is saturated in Fig.3 . For comparison, in Fig.3e , we show the FIR N160 band image of the same area as in Fig.3a−d ; among the 4 FIR bands, only the N160 band covers the X-ray Cap. In creating the MIR images in Fig.3a −d, we slightly shift the dark levels of the images of the Cap region so that it can be connected smoothly to the images of the galaxy body. We have applied smoothing to the MIR images by a gaussian kernel of 24 ′′ in FWHM to increase S/N ratios for detecting faint diffuse emission.
There seems to be a faint emission component extended largely in the Cap region, especially in the S 9 and S 11 band images. The color scales of these images are logarithmically scaled down to 0.0007 % of the peak surface brightness of the central starburst, which are still approximately 6, 5, 7, and 6 times higher than the 1-sigma background fluctuation levels in the corresponding bands. Here, since there might be some offset in dark levels between the two fields-of-view, we re-estimate the background level and its fluctuation within a single aperture located at the darkest nearby sky of the smoothed image as shown in Fig.3d . Hence the presence of the largely-extended faint emission component is statistically significant. The FIR image shows the aforementioned emission extended toward the northwest direction, but no significant signal at the position of the Cap.
Spectral energy distributions
We derive the flux densities of M 82 by integrating the surface brightness within circular apertures of diameters of 2 ′ (∼2 kpc), 4 ′ , and 8 ′ around the center of the galaxy in each photometric band image of Figs.1 and 2 . For the IRC, no aperture corrections are performed since above aperture sizes are sufficiently large as compared to the PSF ). For the FIS, pointsource aperture corrections are performed by using the correction table given in Shirahata et al. (2009) , where the correction factors include the effects of the optical cross talk in the N60 and WIDE-S images. We also derive the flux densities of the central regions within a diameter of 1 ′ for the IRC and 12.
′ 5 for the FIS; the latter is the largest aperture covered by all the 4 FIR bands. For the former, the aperture size is as small as the FWHMs (37 ′′ − 61 ′′ ) of the PSFs for the FIS (Kawada et al. 2007 ) and thus we cannot obtain reasonable fluxes in the FIR since the central emission is not a point source.
We obtain the flux densities of the halo region within a diameter of 4 ′ , which is located at R.A. (J2000) = 9 55 21.0 and Dec. (J2000) = +69 46 46.0. The two 4-kpc apertures in the center and the halo are shown on the FIR image in Fig.2a and the same aperture in the halo is also indicated on the MIR image in Fig.3d . The flux densities in all the MIR and FIR bands thus obtained for the center
, and the total region (d ≤ 8 ′ ) are listed in Table 2 . The spectral energy distributions (SEDs) constructed from the flux densities in Table 2 are presented in Fig.4 ′ 5 are shown in the ascending order in Fig.4a , while the SED of the center (d ≤ 2 ′ ), the differential SEDs of 4 ′ −2 ′ , 8 ′ −4 ′ , and 12.
′ 5−8 ′ , and the SED of the halo region (d ≤ 4 ′ ) are given in the descending order in Fig.4b , in units of Jy arcmin −2 (flux densities divided by the corresponding area). The figures clearly show that the SED is getting softer toward regions farther away from the galactic center. In particular, the lowest two FIR SEDs in Fig.4b , for which the integrated areas are partially overlapped, indicate the presence of cold dust in the halo. Figure 5 shows comparison between the S 7 contour map and the continuum-subtracted Hα image; the former is the same as presented in Fig.1a , while the latter is taken from the NASA/IPAC Extragalactic Database. We find that they are remarkably similar to each other. The Hα image is dominated by a biconical structure that defines the superwinds. The excellent spatial correspondence indicates that the PAHs responsible for the S 7 band flux are well mixed with the ionized gas and entrained by the galactic superwinds. Engelbracht et al. (2006) pointed out that the morphology of the Spitzer 8 µm image of M 82 is similar to that of the Hα emission, but also that the 8 µm image differs in that the emission is bright all around the galaxy rather than being dominated by a cone perpendicular to the disk. As far as the central 7 ′ (≃ 7 kpc) area is concerned, however, our result reveals a marked similarity and no significant deviation in morphology between the PAH and the Hα emission.
Comparison with other wavelength images
We calculate the linear-correlation coefficient, R, between the low-level S 7 and Hα images for a bin size of 2.
′′ 3 and the S 7 brightness ranging from 1 % to 0.01 % of the peak. We obtain R = +0.80 (for a total of 21014 data points). In general, as observed in our Galaxy and nearby galaxies, most PAHs are associated with neutral gas and their emission is very weak in ionized regions with strong radiation field probably due to destruction (e.g. Boulanger et al. 1988; Désert et al. 1990; Bendo et al. 2008) . Therefore the strong positive correlation observed between the PAH and Hα emission is rather unusual. This may be due to a difference in the length of time over which PAHs have been exposed to a harsh environment. The tight correlation would then suggest that the PAHs have been traveling fast enough to reach their present locations, ∼ 3 kpc above the disk, in less than a destruction timescale. Figure 6 shows comparison between the WIDE-L and the H i contour map; the former is the same but enlarged 25 ′ × 25 ′ image as presented in Fig.2c , while the latter is taken from Yun et al. (1994) . The H i map shows the large-scale streamers expanding almost in parallel to the disk. In addition, there are at least three prominent extending H i structures toward the north, west, and southeast directions in spatial scales of 5 ′ − 10 ′ , which might be related to the three filamentary structures in the PAH emission. Although the overall morphology of the FIR image is somewhat different from the H i map, the FIR-bright regions at 12 ′ to the west and 8 ′ to the southeast as well as the extended structures connecting to them from the center show some spatial resemblance to the H i distribution. The difference in overall distribution between the dust and the H i gas might be explained by inhomogeneity of the intergalactic UV radiation heating the dust, which is likely attenuated more along the major axis than the minor axis. The large-scale neutral streamers are probably caused by a past tidal interaction of M 82 with M 81 (Yun et al. 1993) . The intergalactic FIR dust can thus be attributed to leftover clouds ejected out of the galaxy by the tidal interaction and residing in the intergalactic medium.
In Fig.3 , we superpose an X-ray contour map of M 82 from the XMM/Newton archival data on the MIR and FIR images. The conspicuous X-ray superwind extends along the northwest direction, correlating very well with the FIR emission. We obtain R = +0.60 (N = 2417) between the low-level FIR (N160) and Xray images for a bin size of 15 ′′ , specifically the N160 brightness higher than 0.1 % (the lowest color level in Fig.3e) , and the Xray brightness lower than 0.1 % of the peak (an intermediate contour level in Fig.3e ). The spatial correlation between X-ray and FIR suggests that the FIR dust is entrained by the superwind and outflowing from the galactic plane.
In contrast, there is no clear correlation between the X-ray superwind and the PAH/VSG emission. For example, we obtain R = +0.21 (N = 13568) between the low-level S 7 and X-ray images for a bin size of 4 ′′ , the S 7 brightness higher than 0.0007 % (the lowest color level in Fig.3a) , and the X-ray brightness lower than 0.1 % of the peak (the same as the above). There might be even some anti-correlation between them especially in the S 7 image; the X-ray plasma seems to be situated in between the two filamentary structures in the PAH emission. Moreover in the Cap region, where there is significant diffuse MIR emission, the PAH emission is somewhat reduced locally at the position of the X-ray Cap (see section 4.3). This might reflect that the PAHs in preexisting diffuse neutral clouds are destroyed by collision of the energetic superwind. The difference between the PAHs and the FIR dust indicates that the PAHs are more easily destroyed in hot plasma. 
Discussion
PAH properties
The striking similarity between the S 7 and S 11 band images in Fig.1 indicates that spatial variations in properties of PAHs are quite small; the PAH interband strength ratio of the 6 − 9 µm to the 11 − 13 µm emission is nearly constant throughout the observed regions of M 82. In Fig.7 , we calculate the ratios of surface brightness at 11 µm to that at 7 µm. Prior to dividing the images, we have applied smoothing to both images by a gaussian kernel of 24 ′′ in FWHM. The area in the S 7 image with brightness levels lower than 1.0 MJy/str that corresponds to the lowest contour in Fig.1 is masked in calculating the ratios. As a result, the ratio map in Fig.7 reveals that the values are nearly constant at ∼ 0.8, which is consistent with the spectroscopic results on M 82 by ISO (Förster Schreiber et al. 2003b) and Spitzer (Beirão et al. 2008) . Yun et al. (1994) in the thick red lines, the same as in Fig.3f , superposed on the same WIDE-L contour map as Fig.2c .
The relative strength of the different PAH bands is expected to vary with the size and the ionization state of the PAHs (e.g. Draine & Li 2007) . The C-C stretching modes at 6.2 and 7.7 µm are predominantly emitted by PAH cations, while the C-H out-of-plane mode at 11.3 µm arises mainly from neutral PAHs (Allamandola et al. 1989; Draine & Li 2007) . Neutral PAHs emit significantly less in the 6-8 µm emission (Joblin et al. 1994; Kaneda et al. 2008a ). The size effect on the PAH 11.3 µm/7.7 µm ratio is relatively small (Draine & Li 2007) , although, in general, smaller PAHs can emit features at shorter wavelengths. Hence, the variations of the S 11/S 7 ratio in the halo regions where there is no extinction effects show support for variation mostly in PAH ionization, i.e. a larger fraction of neutral PAHs for higher S 11/S 7 ratios, with small contributions from changes in PAH size distribution. As seen in Fig.7 , regions with higher ratios have a reasonable tendency to be located in . Ratios of the S 11 to the S 7 band surface brightness in grey scales linearly drawn from 0.9 (white) to 1.3 (black), overlaid on the same S 7 contour map as Fig.1a .
the outskirts of the PAH emission distribution, where the UV radiation is weaker. Apart from the overall tendency, there is a region showing systematically higher S 11/S 7 ratios toward the east direction from the center, where the UV radiation field is expected to be relatively weak in such a large scale. This relative weakness might reflect the spatial distribution of dense gas near the central region shielding UV light from the nucleus; the central 3 kpc CO map of M 82 in Walter et al. (2002) exhibits a distribution of molecular gas with larger viewing angles toward the east direction from the nucleus. Beirão et al. (2008) observed an enhancement of the 11.3 µm PAH feature relative to the underlying continuum emission outward from the galactic plane, and suggested that the UV radiation field excites PAHs and VSGs differently. In the halo regions, the radiation is still intense enough to excite PAHs but no longer intense enough to excite VSGs to the same temperatures as in the galactic plane. Thus it is reasonable that the S 7 and S 11 images show more extended emission than the L15 and L24 images in Fig.1 . Moreover the ratio map in Fig.7 suggests that the radiation field is a little weaker in the northeast filament than in the northwest filament, which may explain the difference in the PAH and VSG emission intensity between these filaments (Fig.1). 
Dust mass and luminosity
We fit the SEDs in Fig.4 by a three-temperature dust grey-body plus PAH component model (Fig.8) . The PAH parameters are taken from Draine & Li (2007) by adopting the PAH size distribution and fractional ionization typical of diffuse ISM and assuming the interstellar radiation field in the solar neighborhood. The latter assumption does not influence the spectral shape much unless the radiation field is as much as 10 4 times higher (Draine & Li 2007) , while Colbert et al. (1999) estimated 2.8 times higher than the solar neighborhood value from photodissociation regions in the central ∼ 1 kpc area of M 82.
For the dust grey-body model, we adopt an emissivity powerlaw index of β = 1 for every component. We started with the initial conditions of 140 K, 60 K, and 28 K for the dust temperatures of the three components. These components are just representatives to reproduce the shape of the dust continuum spectra as precisely as possible and we below consider only the total luminosity and dust mass by summing up the corresponding values from the three components. We calculate dust mass by using the equation (e.g. Hildebrand 1983 ):
where M dust , D, a, and ρ are the dust mass, the galaxy distance, the average grain radius, and the specific dust mass density, respectively. F ν , Q ν , and B ν (T ) are the observed flux density, the grain emissivity, and the value of the Planck function at the frequency of ν and the dust temperature of T . We adopt the grain emissivity factor given by Hildebrand (1983) , the average grain radius of 0.1 µm, and the specific dust mass density of 3 g cm −3 . We use the 90 µm flux density and the dust temperature, both given by each dust component. The dust mass thus derived as well as the total luminosity of the PAH and dust components, L PAH and L dust , are listed in Table 3 . We should note that the spectral fitting to the SED of the total (d ≤ 8 kpc) region does not require additional component, but the differential SED in Fig.4b shows the presence of colder dust emission peaking at a wavelength longer than 160 µm. Hence the dust mass in the total region is considered to be lower limits to the real dust mass contained in this region.
The ISO/LWS spectroscopy of the central ∼ 1 kpc region of M 82 showed that the SED over the wavelength range of 43-197 µm is well fitted with a 48 K dust temperature and β = 1, giving a total infrared flux of 3.8 × 10 10 L ⊙ (Colbert et al. 1999 ). Our result shows overall consistency with the ISO result. Thuma et al. (2000) estimated from their 240 GHz measurement that the total dust mass in the inner 3 kpc of the galaxy is 7.5 × 10 6 M ⊙ , which is in an excellent agreement with our result. The total mass of atomic hydrogen gas in M 82 is estimated to be 8 × 10 8 M ⊙ (Yun et al. 1994) , while the mass of molecular gas in an area of 2.8 × 3.9 kpc 2 is 1.3 × 10 9 M ⊙ (Walter et al. 2002) . Hence the gas-to-dust mass ratio for the total 8 kpc region is ∼ 200, similar to the accepted value of 100−200 for our Galaxy (Sodroski et al. 1997 ). In the inner 2 kpc, the molecular gas mass is estimated to be 1.0 × 10 9 M ⊙ from Fig.1 and Table 1 in Walter et al. (2002) , and thus the gas-to-dust mass ratio is ∼400, where contribution of atomic hydrogen gas is not included. Hence the gas-to-dust ratio is considerably higher in the central region than in the halo; similar results were also obtained for NGC 253 (Radovich et al. 2001; Kaneda et al. 2009b ). The possible presence of colder dust in the halo would further increase the difference. In much larger spatial scales, Xilouris et al. (2006) obtained the H i-to-dust mass ratio of ∼20 from a systematic shift in the color of background galaxies viewed through the intergalactic medium of the M 81-M 82 group.
The variations of L PAH , L dust , and M dust in Table 3 reveal a rapid decrease in the radiation field intensity but not in the dust mass away from the galactic plane. The ratio L PAH /L dust is fairly constant (∼ 0.1) for all the regions except the central 2 kpc region where L PAH /L dust is about 0.2; the PAH emission in the central region is relatively bright due to the nuclear starburts. The relatively small change in M dust indicates that the total amount of the dust residing in the halo is so large that it can be comparable to that of the dust contained in the galaxy body. Hence the dust-enriched gas injected by the starburst significantly contributes to the total mass of wind material that is tranported out of the disk. 
Interplay of dust and PAHs with various gas components
There are at least three filamentary structures of the PAH emission (Fig.1) . The tight correlation between the PAH and Hα emission provides evidence that the PAHs are well mixed in the ionized superwind gas and outflowing from the disk. In contrast, the H 2 2.12 µm emission (Veilleux et al. 2009 ) shows a relatively loose correlation with the PAH emission in the northern halo, while they are well correlated in the southern halo. Veilleux et al. (2009) suggested that UV radiation is important for the excitation of the warm H 2 in the southeast extension because this is a region where photoionization by OB stars dominates over shocks (Shopbell & Bland-Hawthorn 1998) , whereas a dominant heating mechanism is not well determined among shock, UV pumping, and X-ray heating in the northern halo. Our result favors the scenario that shock or X-ray heating is more important for the warm H 2 in the northen halo rather than the UV radiation that heats the PAHs, which could explain the loose correlation between the H 2 and PAH emission in the northern halo. The deprojected outflow velocity of the Hα filaments is 525−655 km s −1 (Shopbell & Bland-Hawthorn 1998) . Therefore the PAHs seem to have survived in a harsh environment for about 5 Myr to reach the observed positions at ∼ 3 kpc above the plane. The dominant excitation mechanism for the Hα filaments is most likely photoionization by the nuclear starburst; UV radiation is escaping from the disk along a channel excavated by the hot superwind (Shopbell & Bland-Hawthorn 1998) . Shock ionization begins to contribute toward larger radii, and beyond 4 kpc above the disk in the northern halo, X-ray hot plasma is a dominant phase of the superwind. In the hot plasma phase, the PAH emission is significantly reduced, as can be seen in Fig.3 , which might imply that the PAHs are destroyed in the hot plasma. This would happen in ∼6 Myr after being ejected with a hot plasma whose outflow velocity is ∼ 700 km s −1 (Lehnert et al. 1999) .
Consistently with the fact that the dust temperature is expected to decrease with attenuating radiation field away from the disk, the VSG emission cannot be seen in the halo beyond 4 kpc above the disk, either (Fig.3) . Nevertheless, as seen in Fig.3e , the FIR dust emission is still observed in the hot plasma superwind beyond 4 kpc. As discussed in Tsuru et al. (2007) , the lifetime of dust of a 0.1 µm size against sputtering destruction in the hot plasma superwinds of M 82 is 20× f 0.5 Myr, where f is the volume filling factor of the hot plasma that is expected to be as low as ∼ 0.01 (Strickland & Stevens 2000) . If we assume that the observed dust is homogeneously mixed in the hot plasma, the dust grains have to survive during a traveling time of 5 − 10 Myr to reach their present locations, which is comparable to the sputtering destruction time scale. Indeed we have direct evidence that there is a close morphological correpondence between the PAHs/dust and the hotter phases of the galactic winds probed in the Hα and X-ray emission.
As seen in Fig.6 , the extended FIR dust emission is also detected from part of the H i streamers, the surface of which is probably illuminated by UV light escaping from the disk along a channel excavated by the hot superwind. The streamers are thought to provide evidence that the gas within the optical disk of M 82 is disrupted by the interaction of M 82 with M 81 100 Myr ago, and likely triggers the starburst activitiy in the center of M 82 (Walter et al. 2002) . Furthermore, the PAH emission in the halo also exhibits significant enhancement in surface brightness in the eastern edge of the Cap region, which spatially corresponds to the edge of the H i clouds (Fig.3f) .
Hence the H i streamers should contain dust and PAHs, obviously not of a primordial origin, but rather as leftover clouds of the past interaction of M 82 with M 81. Detailed modeling of starburst activity in M 82 on the basis of NIR-MIR spectroscopy suggested the occurrence of starburst in two successive episodes, about 10 and 5 Myr ago, each lasting a few million years (Förster Schreiber et al. 2003a) . From the Spitzer/IRS spectroscopy, Beirão et al. (2008) indicated that the star formation rate has decreased significantly in the last 5 Myr. The above dynamical time scales of the superwinds are consistent with these results. The inclusion of the dust and PAHs in the H i streamers implies that the streamers were already enriched by metals prior to the starburst episodes at the M 82 nucleus.
As for the Cap region, we detect significant signals at wavelengths of 7 and 11 µm, which are diffusely extended near the X-ray and Hα Cap but appear to be reduced locally at the position of the Cap (Figs.3a and 3b) . Lehnert et al. (1999) suggested that the Cap is the result of a collision between the hot superwind and a preexisting neutral cloud. We adopt a size of 3.7 × 0.9 kpc 2 for the X-ray Cap according to Lehnert et al. (1999) . By integrating signal within the 3.7 × 0.9 kpc 2 aperture centered at R.A. (J2000) = 9 55 17.0 and DEC (J2000) = +69 51 13.0, the X-ray peak position of the Cap, we obtain the flux densities of 4.4 mJy and 9.1 mJy at 7 µm and 11 µm, respectively. From the same aperture but at the different position of R.A. (J2000) = 9 54 48.0 and DEC (J2000) = +69 48 26.0 that is located in the middle of the faint diffuse emission region, we obtain the flux densities of 8.8 mJy and 11 mJy at 7 µm and 11 µm, respectively. The 1-sigma statistical errors are estimated to be 0.3 mJy and 0.5 mJy at 7 µm and 11 µm, respectively, from the nearby darkest blank sky. Therefore the signal reduction at the Cap seems to have a statistical significance, which is higher at 7 µm possibly reflecting that PAHs of smaller sizes are easier to be destroyed there. By adopting the flux ratio between the S 7 and the N160 band in the annular region of radii 2 ′ to 4 ′ from the galactic center, we estimate the N160 surface brightness to be ∼2.6 MJy sr −1 at the position of the Cap, which is only 1.8 times higher than the 1-sigma background fluctuation level in the N160 band, and thus consistent with non-detection of FIR signals from the corresponding area.
An integration of the surface brightness of 2.6 MJy leads to the flux density of 0.7 Jy in the N160 band for the 3.7 × 0.9 kpc 2 area of the X-ray Cap. By assuming the same FIR dust SED as observed in the 4 kpc halo region (Fig.8d) , dust mass in the Cap is estimated to be 6 × 10 4 M ⊙ . From the ∼50 % signal reduction of the PAH emission at the Cap, a comparable amount of dust might have been already lost there by sputtering destruction. Thus the dust sputtering provides a potential impact on the metal abundances measured for the X-ray plasma in the Cap as pointed out by Tsuru et al. (2007) ; the masses of Si and Fe in the hot plasma phase are 1.4 × 10 3 × f 0.5 M ⊙ and 1.8 × 10 3 × f 0.5 M ⊙ , respectively (Tsuru et al. 2007 ). The charge-exchange process could be important in X-ray emission from the Cap (Lallement 2004), where the ionized superwind from M 82 can be assumed to collide with cool ambient gas located at the Cap. From the destruction of the PAHs at the Cap, we expect that the hot plasma is somewhat enriched with carbon there, which might be related to the marginal detection of the C vi emission line at 0.459 keV due to the charge-exchange process by Tsuru et al. (2007) . We find that observable amounts of dust and PAHs are included in the phases of both ionized (superwinds) and neutral (streamers) gas, which are spatially separated from each other in the northern halo (Fig.3f) . A significant fraction of PAHs seem to have been destroyed in the hot plasma phase of the northern superwind beyond 4 kpc from the disk, but still partly remaining in the X-ray Cap. Moreover PAHs seem to be present widely around the Cap region far beyond the disk, which may have been strewn into the intergalactic space by a past tidal interaction with M 81 before the starburst began at the nucleus of M 82. Hoopes et al. (2005) concluded that the most likely mechanism for the UV emission in the halo of M 82 is scattering of stellar continuum from the starburst by dust in the halo because the brightness of the UV wind is too high to be explained by photoionized or shock-heated gas. Our result supports their conclusion as far as the galactic superwind regions are concerned. But for the Cap at 11 kpc north of M 82, where UV light is also seen in spatial scales similar to the X-ray (Hoopes et al. 2005) , light scattered by dust may not be a substantial component of the UV emission. The diffuse distribution of the intergalactic material represented by PAHs would scatter UV light from the starburst in much wider area rather than the observed region limited to the X-ray Cap.
Summary
We have presented new MIR and FIR images of M 82 obtained by AKARI, which reveal both faint extended emission in the halo and very bright emission in the center with signal dynamic ranges as large as five and three orders of magnitude for the MIR and FIR, respectively. Our observations cover wider areas than previous IR observations up to the X-ray/Hα Cap at 11 kpc above the disk, which complements previous studies. We detect MIR and FIR emission in the regions far away from the disk of the galaxy, reflecting the presence of dust and PAHs in the halo of M 82. We show that the ionization state of the PAHs is fairly constant throughout the halo of M 82 with small variations in some areas probably due to reduction in the UV radiation escaping from the disk. We find that the dust and PAHs are contained in both ionized and neutral gas components, implying that they have been expelled into the halo of M 82 by both starbursts and galaxy interaction. In particular, we obtain an tight correlation between the PAH and the Hα filamentary structures, which provides evidence that the PAHs are well mixed in the ionized superwind gas and outflowing from the disk in a short timescale. We also find that the dust is contained even in the X-ray hot plasma while PAHs are widely spread over the Cap region. Both suggest that the gas in the halo of M 82 is highly enriched with dust, connecting to the results of Xilouris et al. (2006) that dust exists in the intergalactic medium on much larger scales.
